A  Data  Fusion  Algorithm  for  Mapping  Sea-Ice  Concentrations 
from  Special  Sensor  Microwave  /  Imager  Data 
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analysts.  In  general,  these  SSM/I  algorithms  do  not  make  use  of  ancillary  information  so  they  are  limited  by  the  ambiguities  inherent  to  passive  microwave  data. 
These  ambiguities  include  confusion  between  weather  artifacts  and  the  presence  of  open  water  in  areas  of  sea-ice,  and  confusion  between  melting  sea-ice  (for 
example  indicated  by  surface  melt-ponds)  and  areas  of  lower  ice  concentration  [4].  The  result  of  these  algorithm  limitations  is  that  SSM/I  data  are  less  useful  to 
the  operational  and  scientific  community  than  would  be  expected  from  the  excellent  coverage  and  the  apparent  transparency  of  clouds.  In  fact,  with  the  exception 
of  the  location  of  the  sea-ice  edge,  SSM/I  data  are  used  in  a  qualitative  rather  than  quantitative  manner  in  compiling  ice  charts. 
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It  was  shown  in  Figure  1  that  SSM/I  is  the  final  data  source  used  to  compile  ice  charts,  primarily  because  it  has  the  lowest  spatial  resolution  of  satellite  data,  but 
also  because  it  has  some  significant  biases.  On  the  other  hand,  SSM/I  data  are  always  available  and  so  it  remains  an  invaluable  source  of  data,  especially  in  the 
southern  hemisphere  where  satellite  SAR  data  are  currently  unavailable  on  a  routine,  operational  basis. 
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It  can  be  seen  that  differences  in  estimated  ice  concentration  are  substantial  and  vary  systematically  from  region  to  region.  An  analysis  of  the  different  sources  of 
error  is  required  to  understand  why  these  differences  are  regionally  so  large  and  vary  systematically. 


A.  Tie-point  variations 

Tie-point  related  errors  result  from  natural  variations  in  brightness  temperatures  associated  individual  type  of  surface.  SSM/I  algorithms  make  use  of  reference 
brightness  temperatures  associated  with  two  ice  tj^es  (first-year  ice  and  multi-year  ice  in  the  northern  hemisphere)  and  open  water;  these  values  are  known  as 
tie-points.  However,  all  natural  surfaces  have  variability  in  their  emissivity  and  physical  temperature  characteristics.  The  open  water  brightness  temperature,  for 
example,  will  vary  according  to  wind  speed,  foam  and  atmospheric  effects.  In  the  NASA  Team  algorithm,  for  example,  the  tie-point  that  is  biased  towards  calm 
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C.  Surface  melt  -  related  errors 

These  errors  cause  most  SSM/I  algorithms  to  under-estimate  ice  concentration.  Errors  in  ice  concentration  tend  to  double  to  10-20%  for  algorithms  during 
summer  and  the  errors  are  systematic  [4].  In  a  sense,  this  is  not  an  “error”,  as  it  reflects  the  fact  that  SSM/I  classifies  surface  water  as  “open  water”.  Russian  drift 
stations  show  that,  in  mid  July,  as  much  as  45%  of  the  ice  may  be  covered  by  melt  ponds  [17],  and  this  will  be  reflected  in  lower  estimates  of  ice  concentration 
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In  summary,  there  are  significant  deficiencies  in  the  conventional  SSM/I  algorithms  that  make  the  search  for  climate  signals  and  operational  use  problematic.  The 
results  presented  here  suggest  that  the  errors  are  larger  for  some  algorithms  than  has  been  suggested  by  other  studies,  at  least  on  a  regional  basis.  A  mean 
difference  of  29%  in  ice  concentration  for  the  Sea  of  Okhotsk  from  two  algorithms,  with  maximiun  differences  in  excess  of  50%  is  extremely  large.  In  order  to 
improve  the  estimation  of  ice  concentrations  from  SSM/I,  a  different  approach  is  needed  than  that  provided  by  conventional  SSM/I  algorithms. 
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The  algorithm  is  tuned  as  frequently  as  ice  charts  are  generated  (weekly  in  most  regions  and  twice  weekly  in  some); 

The  algorithm  is  tuned  to  the  region  being  analyzed,  effectively  taking  into  account  regional  anomolies  in  salinity,  snow  conditions,  etc. 

The  tuning  parameters  can  be  used  to  help  define  a  regional  and  temporal  database  for  future  and  retrospective  processing  of  passive  microwave  data. 


The  SI  algorithm  is  a  statistical  least  squares  procedure  that  takes  attributes  derived  from  the  SSM/I  brightness  temperatures  and  generates  linear  mapping 
coefficients  that  allow  the  SSM/I  attributes  to  be  mapped  to  total  ice  concentration,  with  the  latter  extracted  from  the  ice  charts.  A  critical  element  of  the 
algorithm  is  the  choice  of  attributes,  as  inappropriate  attributes  will  make  the  mapping  function  inefficient.  The  attributes  selected  for  implementation  include  the 
partial  ice  types  calculated  by  the  NASA  Team  and  Bootstrap  algorithms  and  selected  principal  components  of  the  SSM/I  data.  The  rationale  for  including  these 
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6  to  8  70%  10% 

8  to  10  90%  10% 

9  to  10  95%  5% 

Table  2.  Conversions  for  ranges  of  ice  concentrations  provided  in  ice  charts  to  discrete  ice  concentration  values. 


V.  CONCLUSIONS  AND  RECOMMENDATIONS 
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Figure  1.  The  existing  ice  analysis  procedure  at  the  National  Ice  Center,  showing  the  use  of  SSM/I  data  processed  using  a  conventional  algorithm.  Numbers 
indicate  steps  in  the  ice  analysis  procedure  referred  to  in  the  text.  Defense  Meteorological  Satellite  Program  (DMSP)  SSM/I  ice  concentrations  are  generated 
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Figure  11.  Mean  absolute  difference  between  ice  concentrations  from  algorithms  and  partial  ice  charts  as  a  function  of  date  for  the  Barents  Sea. 


[1]  A.  Nicol,  A.  and  I.  Allison,  The  frozen  skin  of  the  Southern  Ocean,  American  Scientist,  vol.  85,  pp.  426-439,  1986. 
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